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Introduction:  The  Danish  National  Patient  Registry  (DNPR)  contains  clinical  and  administrative  data  on all
patients treated  in  Danish  hospitals.  The  data  model  used  for reporting  is based  on  standardized  coding
of  contacts  rather  than  courses  of  admissions  and  ambulatory  care.
Methods:  To  reconstruct  a  coherent  picture  of  courses  of  admission  and  ambulatory  care,  we  designed  an
algorithm  with  28  rules  that  manages  transfers  between  departments,  between  hospitals  and  inconsis-
tencies  in the data,  e.g.,  missing  time  stamps,  overlaps  and  gaps.  We used  data  from  patients  admitted
between  1  January  2010  and  31  December  2014.
Results: After  application  of  the  DNPR  algorithm,  we  estimated  an  average  of  1,149,616  courses  of  admis-
sion  per  year  or 205 hospitalizations  per 1000  inhabitants  per  year.  The  median  length  of stay  decreased
from  1.58  days  in 2010  to 1.29  days  in  2014.  The  number  of transfers  between  departments  within  a
hospital  increased  from  111,576  to 176,134  while  the  number  of  transfers  between  hospitals  decreased
from  68,522  to  61,203.
Conclusions: We  standardized  a 28-rule  algorithm  to  relate  registrations  in  the  DNPR  to  each  other  in  a
coherent  way.  With  the  algorithm,  we  estimated  1.15 million  courses  of  admissions  per  year,  which  prob-
ably reﬂects  a more  accurate  estimate  than  the  estimates  that  have  been  published  previously.  Courses
of  admission  became  shorter  between  2010  and  2014  and  outpatient  contacts  longer.  These  ﬁgures  are
compatible  with  a cost-conscious  secondary  healthcare  system  undertaking  specialized  treatment  within
a  hospital  and limiting  referral  to  advanced  services  at other  hospitals.
© 2016  The  Author(s).  Published  by Elsevier  Ireland  Ltd.  This  is an open  access  article  under  the CC. Introduction
The secondary and tertiary healthcare provision in Denmark is
redominantly public and management and policy making occurs
rimarily on a national level and in the ﬁve Danish Regions [1]. The
evelopment and use of common standards for information and
ommunication technology plays a large role in the organization of
he Danish healthcare sector.Administrative and clinical data on patient contacts with the
anish secondary and tertiary healthcare system are recorded
ocally and gathered daily in the Danish National Patient Reg-
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386-5056/© 2016 The Author(s). Published by Elsevier Ireland Ltd. This is an open acces
c-nd/4.0/).BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
istry (DNPR) [2]. This registry was  established in 1977. Originally,
it only covered somatic inpatients, but over the years, the reg-
istry expanded. Since 1995, also outpatient activities, Accident &
Emergency Room (A&E) contacts and psychiatric departments have
gradually been included. In 2003, notiﬁcation of inpatient and out-
patient contacts from private hospitals became compulsory [3].
Before 2014, A&E patients were recorded as a separate category.
From 1 January 2014, these have been recorded as acute out-
patients. In addition, since 1 January 2014 the Capital Region of
Denmark reorganized its on-call service, after which patients, who
would previously have been seen by a general practitioner, were
seen in the A&E. The consequence is that, for this region, primary
sector patients are now recorded as acute outpatients in the DNPR.
Initially, the DNPR was  a discharge registry, meaning that data were
ﬁrst sent to the DNPR after discharge. Since 1996, open outpatient
s article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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ontacts have been registered and since June 2015, hospitals could
oluntarily register inpatients that were still admitted. The latter
ecame obligatory from 1 January 2016. Data are entered in the
NPR in accordance with speciﬁcations made by Danish Health
ata Authority to secure a certain level of standardization and data
uality.
Due to the contact based design of the DNPR, in which each inpa-
ient contact with a new department is registered as a new event,
nd sometimes even several (overlapping) contacts are recorded
or the same department, courses of admission cannot directly be
educted. DNPR does for example not disentangle contacts repre-
enting transfers within the same course of admission from records
hat represent a new admission. Outpatient contacts are registered
s the period in which the patient was in ambulatory care at a
peciﬁc department, with visits/consultations related to them. Reg-
stration practice of outpatient contact varies between hospitals:
here some hospitals record new outpatient contacts regularly,
ther hospitals keep an outpatient contact open for years. All reg-
strations of inpatients and outpatients are manually entered and
ay  therefore contain inaccuracies, for example in the exact time of
dmission and discharge, leading to overlaps and gaps in the course
f an admission and course of ambulatory care.
Using a large registry for scientiﬁc studies and surveillance sys-
ems poses many challenges, particularly when data are primarily
ecorded for administrative and economic purposes. A system that
s driven by reimbursements has certain forces driving the cod-
ng practice [4–6]. Variations in content, completeness and validity
f data between different groups and over time create an addi-
ional challenge as these may  make adjustments for co-morbidity
roblematic or even useless [7–9]. A recent review article com-
iled validation studies performed on the DNPR, showing varying
evels of completeness and validity of diagnosis codes [10]. So far,
o validation studies were published assessing the accuracy of reg-
strations of admission and discharge dates in the DNPR, although
any scientiﬁc studies and policy documents use these data to cal-
ulate length of stay and numbers of (re-)admissions in relation
o speciﬁc diseases and for the healthcare system as a whole. In
014 alone, 12 articles were published using the DNPR to calcu-
ate numbers of admissions and/or length of stay (PubMed search
ith search terms ‘National Patient Register Denmark hospitaliza-
ion’ and ‘National Patient Registry Denmark hospitalization’;  limited
o English original articles and publication date in 2014. Full text
rticles were screened for length of stay calculations or analyses of
umbers of (re-)admissions). These studies were either done using
he DNPR as it is, with the contacts as equivalents to admissions
nd courses of ambulatory care [11–19], or with a loosely speci-
ed algorithm to create courses of admission [20–22]. This variety
f practices makes interpretation of results and comparison with
ther studies difﬁcult.
In this article, we present a method, which can standardize the
ay DNPR data are used for epidemiological studies, surveillance
nd policymaking. We  describe how registrations can be related to
ach other using an algorithm (“DNPR algorithm”) to reconstruct a
omplete and coherent picture from inpatient contacts to admis-
ions within the same department, to courses of admission across
epartments and hospitals as well as from outpatient contacts to
ourses of ambulatory care within the same department. Using this
lgorithm, we describe and discuss trends in hospital admissions
nd ambulatory care and identify areas for further research.
This work was done as a prerequisite for the develop-
ent of a national automated surveillance system to monitor
ospital-acquired infections: the Danish Hospital-Acquired Infec-
ions Database (HAIBA) [23]. However, the DNPR algorithm will also
e relevant when using DNPR for other surveillance, research and
lanning purposes. It also gives insight in data quality, as well as
ynamics and trends in the utilization of the Danish secondary andedical Informatics 95 (2016) 49–59
tertiary healthcare system. The experiences with this algorithm will
be of value for other countries planning to develop an administra-
tive patient system or applying data from existing patient registries.
2. Methods
2.1. Deﬁnitions
Inpatient: A patient who  occupies a hospital bed for medical
care or treatment
Outpatient: A patient who receives medical care or treatment at
a hospital, but is not admitted
Ambulatory Care: medical care or treatment an outpatient
receives
Inpatient contact: A single registration in the DNPR for an inpa-
tient
Outpatient contact: A single registration in the DNPR for an out-
patient
Admission: A coherent hospital stay within the same hospital
department as identiﬁed with the DNPR algorithm (can include
more than one inpatient contact)
Course of admission: A coherent hospital stay across depart-
ments and hospitals as identiﬁed with the DNPR algorithm (can
include more than one admission)
Course of ambulatory care: A coherent period of ambulatory care
within the same hospital department as identiﬁed with the DNPR
algorithm (can include more than one outpatient contact)
2.2. Study population and period
We  used data of inpatients admitted between 1 January 2010
and 31 December 2014, and outpatients with contacts starting in
that same period. Data included somatic inpatients and outpatients
from all private and public hospitals in Denmark, but not A&E con-
tacts before 1 January 2014. Data were extracted on 1 October 2015.
2.3. Data ﬂow and output data model
Data ﬂow and the output data model are shown in Fig. 1. DNPR
retrieves data from the ﬁve Danish regions. Data from public and
private hospitals are collected in separate databases each contain-
ing both administrative and clinical information (diagnosis and
procedure codes). National classiﬁcation tables were used to allow
translating codes for hospitals, departments as well as diagnosis
and procedure codes [24]. The codes also include information on
whether data are from the public or private sector and from which
Danish region.
Patients were identiﬁed by their CPR number, a civil registra-
tion number that each person in Denmark receives upon birth or
immigration [25].
Data on inpatient and outpatient contacts from both public and
private hospitals contained the patients’ CPR numbers, dates and
times of admission and discharge (with hours being the lowest level
of detail) and hospitals and departments where the patients were
admitted or received ambulatory care. Each contact has a unique
contact identiﬁer, which is the key to linking the contacts to data
on diagnosis, procedures and visits.
Diagnosis codes are entered upon discharge according to the
International Statistical Classiﬁcation of Diseases and Related
Health Problems 10th Revision (ICD10) [26], and adapted for use in
the Danish healthcare system [24]. Additional information to the
diagnosis codes may  also be entered, here referred to as additional
diagnosis codes. Diagnosis codes and additional diagnosis codes do
not have a date and time of diagnosis, but can be related to the
period between the start and end date and time of the correspond-
ing inpatient or outpatient contacts.
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Procedure codes are based on the Nordic Classiﬁcation of Surgi-
al Procedures [27], and adapted to the Danish healthcare system
24]. Hospital departments enter procedure codes, and additional
nformation (additional procedure codes), with the date and time
f procedure and the department that performed the procedure.
or this study, we limited procedure codes to treatment (B), oper-
tions (K), anesthesia and intensive care (N), and examinations (U)
o eliminate clinically irrelevant procedures.
Diagnosis and procedure codes are related to inpatient and out-
atient contacts through the unique contact identiﬁer.
In this study, data on inpatient and outpatient contacts, diagno-
is and procedure codes as well as classiﬁcation data were imported
nd used as input to the DNPR algorithm creating coherent courses
f admission and courses of ambulatory care. The DNPR algorithm
roduced log ﬁles and an output database with ﬁve tables contain-
ng: admissions, the corresponding courses of admission, courses
f ambulatory care and diagnosis and procedure codes for both
npatients and outpatients (Fig. 1).
.4. The DNPR algorithm
To establish a coherent database managing transfers between
epartments and hospitals, connecting related outpatient contacts,
nd modifying inconsistencies in data, such as overlaps and gaps,
n algorithm with 28 rules was deﬁned (Table 1). Rules 1–9 and
7 applied both to inpatient and outpatient contacts, while rules
0–16 applied only to inpatient contacts. Rules 18–21 applied to
iagnosis codes and rules 22–28 to procedure codes. Since a patient
ay  be admitted and at the same time be in ambulatory care,
npatient and outpatient contacts were handled independently.
n addition, the DNPR algorithm allowed overlap in courses of
mbulatory care at different departments, since a patient can beut for the DNPR algorithm and the resulting data model.
in ambulatory care for independent medical reasons at the same
time.
In more detail, to clean the database, records with relevant data
missing were deleted and stored in a log ﬁle (rule 1). Contacts that
were open at the time of extraction were closed at the extrac-
tion date (1 October 2015, in the presented dataset) at 23:00 (rule
2). Hospital codes for one speciﬁc region (Region Zealand) were
formatted, since this region used the same hospital code for all hos-
pitals in the region and indicated the hospital name as part of the
department code (rule 3). Situations in which the time of discharge
was not or incorrectly registered were handled (rules 4–8). Over-
lapping contacts at the same hospital and department were related
(rule 9). For outpatient contacts, this was the ﬁnal rule, creating
courses of ambulatory care. For inpatient contacts this rule created
“admissions”.
Time overlap in admissions across departments were removed
to eliminate registrations, where an inpatient was recorded to be
admitted at more than one department at the same point in time
(rules 10–12). Time-gaps between discharge from one department
and admission to another department were handled, deﬁning a gap
of 4 h or less as a transfer and more than 4 h as a new admission
(rules 13 and 14). Course of admission was  deﬁned and registered
(rules 15 and 16).
Whenever the above rules affected the linking of diagnosis and
procedure codes to admissions and courses of ambulatory care this
was managed through the contact identiﬁer (rule 17). The corre-
sponding diagnosis and procedure codes also needed to be updated
in this respect (rules 18 and 22).
Diagnosis codes, which were associated to inpatient or outpa-
tient contacts deleted in rules 1, 8 and 10 were removed and written
to a log ﬁle (rule 20). Duplicate diagnosis and additional codes were
handled (rules 19 and 21).
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Table  1
DNPR algorithm: set of rules, which were applied to relate contacts with the healthcare system to coherent admissions, courses of admission and courses of ambulatory care.
Nr. Description of rules Valid for
1 Contacts which lacked information in one or more of the following variables
were excluded: contact identiﬁcation number, CPR number, patient type
(inpatient or outpatient), hospital code, department code, date of
admission/start of ambulatory care. If the date of admission was  after the date
of  discharge then it was considered an error. These contacts were written to a
log ﬁle.
Inpatients and outpatients
2  If the date of discharge was not registered, then the patient was  recorded as a
current patient and the date of discharge/end of ambulatory care was set at
the extraction date at 23:00.
Inpatients and outpatients
3  For all hospitals in Region Zealand, the hospital code was always 3800. The
ﬁrst  three letters in the text ﬁeld for the departments indicated the hospital
name. In this step these three letters were moved to the hospital code.
Inpatients and outpatients
4  If a contact had a date of discharge/end of ambulatory care, but no time and
there were one or more procedure codes connected to the contact on the same
day, then the time of the last procedure plus one hour (parameter) was used as
time of discharge/end.
Inpatients and outpatients
5  If a contact had a date of discharge/end of ambulatory care, but still no time
and the discharge/end date was  the same as the admission/start date, then the
time was set at the admission/start time plus one hour (parameter).
Inpatients and outpatients
6  If a contact had a date of discharge/end of ambulatory care, but still no time of
discharge/end, then the time was  set to 23:00 (parameter).
Inpatients and outpatients
7  If the time of one or more procedures was  after the time of discharge/end of
ambulatory care (but still on the same day) then the time of discharge/end was
moved to the time of the last procedure plus one hour (parameter).
Inpatients and outpatients
8a  If the time of admission/start of ambulatory care was registered to be after the
time of discharge/end of ambulatory care, but was registered for the same day,
then the time of admission/start was set to the time of discharge/end minus
one hour (parameter).
Inpatients and outpatients
8b  If the date of admission/start of ambulatory care was  registered to be after the
date of discharge/end of ambulatory care, then it was  considered a mistake.
The  contact was removed from the system and written in a log ﬁle.
9  If there were two  or more contacts with the same CPR number, hospital and
department and overlap in the admission/start and discharge/end dates, then
these were combined into one, hereafter referred to as ‘admission’ for
inpatients and ‘course of ambulatory care’ for outpatients covering the
combined period between admission/start and discharge/end. Procedure and
diagnosis codes connected to all contacts were kept.
Inpatients and outpatients
10  If there were admissions with the same CPR number and exactly the same date
and time of admission/start and discharge/end, but on different hospitals
and/or departments. It was  not possible to know which department was  the
correct one, and therefore both admissions were removed and written to a log
ﬁle.
Inpatients
11  If there was overlap in the date and time of admission and discharge for the
same CPR number across departments or hospitals, then the date and time of
the  ﬁrst admission was kept. The date and time of admission of the next
admission was  moved forward in time to the date and time of discharge of the
previous admission. This rule was  repeated for subsequent overlaps. In some
cases new overlapping admissions were created, which were then solved with
the  same rule, until no overlap existed.
Inpatients
12  If the period between admission and discharge of one admission was
registered within another admission with a longer period for the same CPR
number, but by another hospital and/or department, the longer admission was
split up, resulting in two admissions before and after the shorter admission. In
some cases new overlapping admissions were created with this situation,
which were subsequently solved with the same rule, until no overlap existed.
Inpatients
13  If a patient was transferred to another department in the same hospital a
maximum of four hours (parameter) between time of discharge and admission
was  allowed to relate the two  contacts to the same course of admission.
Inpatients
14 If a patient was transferred to another hospital a maximum of four hours
(parameter) between time of discharge and admission was allowed to relate
the  two contacts to the same course of admission.
Inpatients
15  If two contacts for the same patient on the same department were recorded,
where the date and time of discharge for the ﬁrst contact was  the date and
time of admission of the second contact these contacts were recorded as one.
Inpatients
16  The course of admission was  determined by relating all admissions which
together formed a coherent chain without any gaps. All admissions belonging
to the same course of admission received the same course of admission
identiﬁcation number.
Inpatients
17 Contacts that were merged or removed (through rules 9 and 15) received the
contact identiﬁer of the active admission or course of ambulatory care they
belonged to.
Inpatients and outpatients
18  Diagnosis codes were updated with the new contact identiﬁers to correspond
with the identiﬁers that resulted from rule 17.
Diagnosis codes
19  If an additional diagnosis code was  the same as the main diagnosis code then
the ﬁeld for the additional code was set to be empty.
Diagnosis codes
20  Rules 1, 8 and 10 could lead to removal of contacts or admissions. The
diagnosis codes connected to these were removed and written to a log ﬁle.
Diagnosis codes
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Table  1 (Continued)
Nr. Description of rules Valid for
21 If a diagnosis code or a combination of a main diagnosis code and an additional
diagnosis code occurred more than once within the same identiﬁer, then only
one was kept.
Diagnosis codes
22  Procedure codes were updated with the new contact identiﬁers to correspond
with the identiﬁers that resulted from rule 17.
Procedure codes
23  In the table for procedures, the time was  updated to be 8:00 (parameter) if
time was missing.
Procedure codes
24  If the additional procedure code was  the same as the main procedure code
then the ﬁeld for the additional code is set to be empty.
Procedure codes
25  Rules 1, 8 and 10 could lead to removal of contacts or admissions. The
procedure codes connected to these were removed and written to a log ﬁle.
Procedure codes
26  If the date of a procedure was after the discharge date of the admission or
course of ambulatory care it was  connected to, then it was considered an error.
The  procedure was  removed and written to a log.
Procedure codes
27  If a procedure code or a combination of a main procedure code and an
additional procedure code occurred more than once within the same
identiﬁer, then only one was kept.
Procedure codes
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procedures, were adapted to the same format as in
outpatient tables (see also rule 3).
Procedure codes were removed and written to a log ﬁle if asso-
iated to inpatient or outpatient contacts deleted through rules 1, 8
nd 10 (rule 25). Procedure codes with only a date of procedure but
o time were set to 8:00 (rule 23), and any procedure code with a
ate after the date of discharge was deleted and written to a log ﬁle
rule 26). Duplicate procedure and additional codes were handled
rules 24 and 27). Finally, hospital codes for hospitals from Region
ealand, which had performed a procedure, had to be formatted,
imilar to the step in rule 3 (rule 28).
Since different applications may  require different interpreta-
ions of the course of admission and course of ambulatory care we
imed to keep the algorithm as ﬂexible as possible. We  included the
ossibility to adjust parameters for different requirements. These
arameters are indicated in Table 1. The algorithm was  developed
n-house using SAS software (SAS Institute Inc., Cary, NC, USA) and
s available upon request.
.5. Validation and monitoring of the algorithm
The DNPR algorithm and its coding were tested for accuracy and
onsistency by examining the registrations of samples of patients at
ifferent stages during the development, where necessary followed
y corrections or adjustments to optimize the algorithm.
We  monitored how many times each rule was  used in order to
bserve how the algorithm affected data, how accurate the original
ata were and to follow trends over time and identify if there were
hanges in practice of registration, which may  require adjustment
f the rules.
For rules 1–8, we counted the number of contacts. For the
emaining rules, we counted ﬁnal admissions, courses of ambula-
ory care, diagnosis and procedure codes affected by a rule at least
nce; meaning that if a rule had been applied more than once to
he same ﬁnal registration, then this was only counted once.
In addition, the rules in the algorithm where gaps were closed
etween time of discharge and time of a new admission (rules 13
nd 14) were validated for the appropriateness of a 4-h thresh-
ld. This was done by plotting cumulative numbers of admissions
efore the algorithm and after applying rules 1–12 by time since
ischarge from a previous admission.
.6. Epidemiological description of trends in hospitalizationThe resulting output model made it possible to analyze trends
ver time in numbers of admissions, courses of admission and
ourses of ambulatory care by year and stratiﬁed by public and pri-o executed the
npatient and
Procedure codes
vate hospitals. As patients may  be transferred between public and
private hospitals within the course of an admission, stratiﬁcation
in public and private was not possible for the course of admission.
Data were analyzed by the start year.
Duration of courses of admissions and courses of ambulatory
care as well as number of transfers between departments and hos-
pitals during courses of admission were also analyzed. To assess
the length of stay we calculated the total number of bed days and
ambulatory care days per year on data before and after applica-
tion of the DNPR algorithm. We  also calculated the median length
of stay and its interquartile range on data after application of the
DNPR algorithm. This epidemiological description also allowed us
to evaluate what effects the algorithm had and if these effects could
be explained.
2.7. Ethical considerations
This study was approved by the Danish Data Protection Agency
as part of the development of the Danish Hospital-Acquired Infec-
tions Database (registration number 2015-54-0942).
3. Results
Data from DNPR between 1 January 2010 and 31 December 2014
contained inpatient contacts from 138 hospitals (54 public and 84
private hospitals) and outpatient contacts from 331 hospitals (59
public and 272 private hospitals). In this period, 6,822,756 inpatient
contacts and 22,480,692 outpatient contacts were registered.
3.1. Monitoring and validation of rules
Table 2 shows how many times each of the rules were applied
on contacts, admissions, courses of admission and ambulatory care,
diagnosis and procedure codes. There were no contacts removed
due to missing essential data (rule 1). Monitoring the use of rule 2,
showed that our data still contained 58,194 open courses of ambu-
latory care, which started in 2010. Rule 2 was  naturally used more
frequently for the courses of ambulatory care that started in the
later years. Open inpatient contacts were ﬁrst introduced in 2015
and therefore not present in this study. Time of discharge was  miss-
ing in some contacts, mostly outpatient contacts. For outpatient
contacts this could often be solved by setting the end time an hour
after the last procedure (rule 4) or an hour after the start time, if the
end date was the same as the start date (rule 5). Still, it was  neces-
sary for a large number of contacts, mostly outpatient contacts, to
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Table  2
The number of times each rule was applied on inpatient and outpatient contacts (rules 1–9, 17), admissions (rules10–16), diagnosis codes (rules 18–21) and procedure codes
(rules  22–28) by start year.
Rule 2010 2011 2012 2013 2014 Mean
Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients
1 0 0 0 0 0 0 0 0 0 0 0 0
2  – 58,194 – 98,929 – 148,744 – 288,486 – 360,643 – 190,999
3  205,156 451,360 217,882 453,936 220,710 453,149 220,754 490,652 234,071 618,765 219,715 493,572
4  272 1,959,560 412 2,082,861 639 2,069,156 651 1,995,066 777 1,154,457 550 1,852,220
5  8262 577,926 9076 582,528 8353 545,642 8926 527,033 7701 381,203 8464 522,866
6  27,628 1,111,796 24,550 1,143,926 23,847 1,152,813 22,949 1,082,715 24,707 487,722 24,736 995,794
7  17,840 49 24,424 62 35,464 344 43,141 109,768 47,975 320,148 33,769 86,074
8a  2 0 0 0 3 0 4 0 0 2 2 0
8b  0 0 0 0 0 0 0 0 0 0 0 0
9  8506 226,737 7408 248,026 6447 240,990 6461 237,630 6420 236,314 7048 237,939
10  156 – 166 – 110 – 286 – 138 – 171 –
11  119,436 – 130,992 – 157,846 – 161,053 – 174,901 – 148,846 –
12  10,246 – 10,648 – 10,148 – 8160 – 8644 – 9569 –
13  2639 – 2533 – 2645 – 3466 – 3428 – 2942 –
14  14,357 – 13,806 – 13,348 – 12,513 – 12,072 – 13,219 –
15  1880 – 1822 – 1912 – 1808 – 1933 – 1871 –
16  1,341,368 – 1,342,551 – 1,363,225 – 1,362,152 – 1,391,707 – 1,360,201 –
17  311 2640 378 2805 146 4299 164 4072 200 6152 240 3994
diagnoses procedures diagnoses procedures diagnoses procedures diagnoses procedures diagnoses procedures diagnoses procedures
18  357,275 – 399,643 – 385,877 – 373,106 – 329,398 – 369,060 –
19  70 – 124 – 113 – 270 – 322 – 180 –
20  386 – 394 – 219 – 1717 – 350 – 613 –
21  1,689,484 – 1,784,775 – 1,943,063 – 2,030,146 – 2,352,363 – 1,959,966 –
22  – 825,872 – 1,024,504 – 1,199,312 – 1,229,188 – 1,359,809 – 1,127,737
23  – 366,670 – 410,919 – 482,461 – 605,733 – 656,059 – 504,368
24  – 141 – 172 – 570 – 792 – 1162 – 567
25  – 265 – 309 – 257 – 1061 – 267 – 432
26  – 0 – 0 – 0 – 0 – 0 – 0
27  – 3,617,757 – 4,173,028 – 4,384,383 – 4,811,222 – 5,579,165 – 4,513,111
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a28  – 1,614,704 – 1,734,982 – 1,902
f a rule was  not applicable it is indicated with a ‘–’, while a 0 means that the rule w
hoose a ﬁxed time, here set at 23:00 (rule 6). In an increasing num-
er of contacts, the end time was adjusted as it had been registered
efore the procedure time (rule 7); the increase was  particularly
arge for outpatients, from only 49 in 2010 to 320,148 in 2014. Rule
 showed that particularly outpatient contacts had overlap in time
or the same person in the same hospital and department. In addi-
ion, on rare occasions an inpatient was recorded as admitted to
wo different departments, sometimes even different hospitals at
xactly the same admission and discharge date and time (rule 10),
eading to 856 contacts (428 duplicates). This occurred most often
or contacts that started in 2013. Diagnosis and procedure codes
hat were removed, because they belonged to these contacts also
howed a marked peak in 2013 (rule 20 and 25, respectively).
Validation of rules 13 and 14, in which gaps between discharge
nd admission were closed if these were 4 h or less, is shown
n Fig. 2. The original data contained contacts that had negative
ime between discharge and a following admission, meaning that
here was overlap between two admissions. Overlap was  handled
hrough application of rules 11 and 12. Fig. 2 shows an initial
teeper increase within the ﬁrst 4 h after discharge and then a
teady increase. From this, we concluded that gaps of 4 h or less
ould be closed to represent the same course of admission. Larger
aps were considered readmissions. This resulted in 228,302 read-
issions between 4 and 48 h after another discharge (190,687 to
he same hospital and 37,615 to another hospital), representing
.0% of all courses of admission between 2010 and 2014.
For 1,845,299 diagnosis codes and 5,638,685 procedure codes
he linking contact identiﬁer was changed, because the admissions
hese used to be related to had been removed or integrated into
nother admission (rules 18 and 22 respectively). The process of
ombining contacts to admissions or courses of ambulatory care
nd grouping their diagnosis and/or procedure codes led to an– 2,088,698 – 2,327,818 – 1,933,821
licable, but not applied.
even larger number of double registrations of the same diagnosis
and/or procedure codes, for instance when two  departments had
registered the same code on overlapping contacts (rules 21 and 27
respectively). This occurred increasingly over the study period. In
only few cases, the additional diagnosis code was  the same as the
primary diagnosis code (rule 19). This increased from 70 in 2010 to
322 in 2014. Similarly, a small but increasing number of cases had
the same additional procedure code and main procedure code (rule
24) with 141 in 2010 and 1162 in 2014.
A few additional steps were required for procedure codes to
clean the data; for 2,521,842 procedure codes time of the proce-
dure was missing and set to 8:00 (rule 23) and for all contacts
from Region Zealand the codes of the hospitals that had performed
the procedure had to be updated (rule 28). Rule 26 was  an inter-
nal check and showed that no procedure codes were placed after
discharge.
The effect of the DNPR algorithm can also be observed from the
number of inpatients and outpatients and the number of bed days
and ambulatory care days before and after the algorithm (Table 3).
The number of inpatients and outpatients before the use of the algo-
rithm was higher than the number of admissions and courses of
ambulatory care after application of the algorithm. The number of
bed days on the other hand was  higher after the use of the algo-
rithm, while the number of ambulatory care days was  lower after
the use of the algorithm.
3.2. Epidemiological description of trends in the use of the
secondary and tertiary healthcare systemOn average 1,364,551 inpatient contacts were recorded per year
between 2010 and 2014, giving an average of 1,360,201 admissions
per year after application of the algorithm and 1,149,615 courses
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Table 3
The number of inpatient and outpatient contacts, inpatient admissions, courses of admission, courses of ambulatory care and diagnosis and procedure codes, as well as dynamics in terms of duration of these registrations and
number  of transfers by year of admission/start of care.
Type of hospital 2010 2011 2012 2013 2014 Mean per year
General overview before the algorithm
# Inpatient contacts
before algorithm (%)
all 1,346,965 (100) 1,346,718 (100) 1,366,591 (100) 1,366,537 (100) 1,395,945 (100) 1,364,551 (100)
public  1,316,123 (97.7) 1,319,484 (98.0) 1,343,609 (98.3) 1,344,026 (98.4) 1,374,185 (98.4) 1,339,485 (98.2)
private 30,842 (2.3) 27,234 (2.0) 22,982 (1.7) 22,511 (1.6) 21,760 (1.6) 25,066 (1.8)
#  Bed days per year (%) all 4,449,644 (100) 4,249,544 (100) 4,149,216 (100) 4,041,473 (100) 3,966,264 (100) 4,171,228 (100)
public  4,407,295 (99.0) 4,216,956 (99.2) 4,106,885 (99.0) 4,002,817 (99.0) 3,927,284 (99.0) 4,132,247 (99.1)
private 42,349 (1.0) 32,587 (0.8) 42,331 (1.0) 38,656 (1.0) 38,980 (1.0) 38,981 (0.9)
#  Outpatient contacts
before algorithm (%)
all 3,984,696 (100) 4,223,086 (100) 4,230,407 (100) 4,472,992 (100) 5,569,511 (100) 4,496,138 (100)
public  262,095 (6.6) 251,849 (6.0) 247,503 (5.9) 281,229 (6.3) 304,636 (5.5) 269,462 (6.0)
private 3,722,601 (93.4) 3,971,237 (94.0) 3,982,904 (94.1) 4,191,763 (93.7) 5,264,839 (94.5) 4,226,669 (94.0)
#  Ambulatory care
days per year (%)
all 299,896,809 (100) 371,600,674 (100) 437,115,817 (100) 499,340,174 (100) 580,991,411 (100) 437,788,977 (100)
public  294,494,930 (98.2) 366,698,588 (98.7) 432,186,535 (98.9) 494,515,847 (99.0) 575,471,814 (99.0) 432,673,543 (98.8)
private 5,401,879 (1.8) 4,902,086 (1.3) 4,929,282 (1.1) 4,824,327 (1.0) 5,519,597 (1.0) 5,115,434 (1.2)
General overview after the algorithm
# Inpatient admissions
after algorithm (%)
all 1,341,368 (100) 1,342,551 (100) 1,363,225 (100) 1,362,152 (100) 1,391,707 (100) 1,360,201 (100)
public  1,310,825 (97.7) 1,315,740 (98.0) 1,340,352 (98.3) 1,339,980 (98.4) 1,370,141 (98.5) 1,335,408 (98.2)
private 30,543 (2.3) 26,811 (2.0) 22,873 (1.7) 22,172 (1.6) 21,566 (1.5) 24,793 (1.8)
#  Bed days per year (%) all 4,539,284 (100) 4,335,964 (100) 4,236,630 (100) 4,128,432 (100) 4,057,067 (100) 4,259,475 (100)
public  4,479,033 (98.7) 4,289,917 (98.9) 4,183,554 (98.7) 4,080,133 (98.8) 4,007,457 (98.8) 4,208,019 (98.8)
private 60,252 (1.3) 46,047 (1.1) 53,076 (1.3) 48,299 (1.2) 49,610 (1.2) 51,457 (1.2)
#  Courses of admission alla 1,159,750 – 1,151,136 – 1,143,566 – 1,139,256 – 1,154,370 – 1,149,616 –
#  Courses of
ambulatory care (%)
all 3,708,812 (100) 3,910,565 (100) 3,921,420 (100) 4,182,024 (100) 5,249,560 (100) 4,194,476 (100)
public  3,449,743 (93.0) 3,661,915 (93.6) 3,678,776 (93.8) 3,905,878 (93.4) 4,952,285 (94.3) 3,929,719 (93.7)
private 259,069 (7.0) 248,650 (6.4) 242,644 (6.2) 276,146 (6.6) 297,260 (5.7) 264,754 (6.3)
#  Ambulatory care
days per year (%)
all 297,363,687 (100) 366,930,184 (100) 430,410,853 (100) 490,708,939 (100) 568,751,713 (100) 430,833,075 (100)
public  292,010,710 (98.2) 362,114,512 (98.7) 425,686,144 (98.9) 486,047,691 (99.1) 563,397,159 (99.1) 425,851,243 (98.8)
private 5,352,978 (1.8) 4,815,672 (1.3) 4,724,709 (1.1) 4,661,247 (0.9) 5,354,555 (0.9) 4,981,832 (1.2)
Characteristics of courses of admission and ambulatory care (after the algorithm)
Median days in course of admission − M (Q1;Q3) alla 1.58 (0.54;4.04) 1.42 (0.50;3.92) 1.33 (0.46;3.88) 1.33 (0.46; 3.79) 1.29 (0.46;3.67) 1.38 (0.46;3.88)
#  Transfers between departments in same hospital alla 111,576 – 122,892 – 154,222 – 160,599 – 176,134 – 145,085 –
#  Transfers between hospitals alla 68,522 – 68,523 – 65,437 – 62,297 – 61,203 – 65,196 –
Median days course of
ambulatory care − M
(Q1;Q3)
all 0.33 (0.04;58.0) 0.46 (0.04;62.6) 0.6 (0.04;70.2) 1.6 (0.04;86.6) 0.50 (0.04;35.9) 0.54 (0.04;60.5)
public  0.50 (0.04;65.6) 0.58 (0.04;70.5) 1.6 (0.04;78.4) 3.9 (0.04;97.4) 0.88 (0.08;40.1) 1.04 (0.04;68.0)
private 0.04 (0.04;0.04) 0.04 (0.04;0.04) 0.0 (0.04;0.04) 0.0 (0.04;0.04) 0.04 (0.04;0.04) 0.04 (0.04;0.04)
a Courses of admission cannot be shown by public and private hospitals, as patients may  be transferred between public and private hospitals within one course of admission.
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2ig. 2. Cumulative number of new admissions and the time since discharge of a pre
NPR  algorithm.
f admission per year. The overall proportion of inpatient contacts
n public hospitals comprised 98.2% (Table 3). It should be noted
hat 1520 admissions, which started after 1 January 2010 belonged
o a course of admission starting before 2010 and are therefore
ot included in the analyses for courses of admission. Of these,
508 admissions (99%) started within the ﬁrst ﬁve months of 2010.
his illustrates a more systematic difference between the tables for
dmissions and courses of admission; also for the following years
here are some admissions counted for a year later than the course
f admission they belong to.
The number of courses of admission did not change over time.
f the courses of admission 86.56% included only one admission,
0.22% included two admissions, 2.30% included three and the
emaining 0.92% ranged from four to 47 admissions. Among these
ourses of admission 5,624,679 (97.85%) involved only public hos-
itals, 121,944 (2.12%) involved only private hospitals and 1455
0.03%) included at least one transfer between a public and a private
ospital.
The number of bed days, calculated after the algorithm, showed
 decreasing trend from 4,539,284 days in 2010 to 4,057,067 in 2014
Table 3). In line with this, the median length of stay decreased
rom 1.58 days in 2010 to 1.29 days in 2014. While the number of
ransfers between departments increased from 111,576 to 176,134
n this period, the number of transfers between hospitals decreased
rom 68,522 to 61,203.
Per year, an average of 4,496,138 outpatient contacts were
ecorded, resulting in an average of 4,194,476 courses of ambu-
atory care. Outpatient contacts were more frequently carried out
n private hospitals than inpatient contacts, with 94% of contacts in
ublic and 6% in private hospitals (Table 3).
The number of courses of ambulatory care for public hospitals
ncreased between 2010 and 2014 from 3,449,743 to 4,952,285.
or private hospitals, courses of ambulatory care initially decreased
rom 259,069 in 2010 to 242,644 in 2012 and then increased to
76,146 in 2013 and 297,260 in 2014. admission in hours based on the original data and after applying rules 1–12 of the
The ambulatory care days, calculated after the algorithm,
increased from 3,708,812 days in 2010 to 5,249,560 in 2014
(Table 3). This was  reﬂected in the median duration, which
increased from 0.33 days in 2010 to 1.58 days in 2013. This dropped
however to 0.50 days in 2014.
Fig. 3 visualizes the number of inpatient admissions, after apply-
ing the algorithm, as well as the courses of admission and the
courses of ambulatory care by start month. As was  also observed
from the numbers in Table 3, the overall trends over the ﬁve years
were stable for the numbers of admissions and courses of admis-
sion. Numbers of courses of ambulatory care gradually increased
between 2010 and 2013 and showed a marked increase in 2014.
This increase in 2014 was particularly high for outpatients from the
Capital Region of Denmark (data not shown), suggesting that it pri-
marily represents the addition of the primary healthcare patients
from the on-call service in the Capital Region of Denmark. In addi-
tion, there was a seasonal trend, which was  present in all three
measures: a decrease was  seen each year in July and to a lesser
extent in December, closely followed by an increase in the sub-
sequent months. Towards the end of 2014 all three measures
decreased as a result of the cutoff of the dataset, this decrease set
in earlier for courses of ambulatory care than for admissions and
courses of admission.
4. Discussion
We  have developed a methodology, which constructs coherent
courses of admission and courses of ambulatory care. The DNPR
algorithm does not correct wrongly entered data, but handles the
data in order to create the courses of admission and ambulatory
care and provides improved possibilities for analysis of Danish
secondary and tertiary healthcare data and for population-based
research and surveillance purposes.
It is a limitation that there are no reference data to compare
the outcome of the algorithm with. We  need to rely on logical rules
and thorough analysis of speciﬁc aspects, many of which have been
S. Gubbels et al. / International Journal of Medical Informatics 95 (2016) 49–59 57
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fig. 3. The number of admissions, courses of admission (left axis) and courses of am
iscussed here. Over the years, as we gain more experience and as
ecording practices change, new irregularities are expected to be
ound. In the near future, we may  for instance need to revisit rule 2,
hich closes open contacts on the extraction date. Since 1 January
016, hospitals are registering inpatient contacts upon admission
ather than after discharge. The delay with which the discharge date
nd time is registered needs to be investigated in order to evaluate
f rule 2 is suitable.
Another limitation lies in the fact that we have included all
ontacts starting from 1 January 2010. This means that those that
tarted earlier and were still open in 2010, were excluded. This
ould potentially affect our estimates of the duration of courses
f admission and particularly ambulatory care, as the long courses
ould be less represented mostly in 2010. However, by calculating
he median and interquartile range, the extremely long courses did
ot affect the measurements.
.1. Effects of the DNPR algorithm
Registrations in the DNPR contain overlaps and gaps for
npatient contacts between discharge from one department and
dmission to another. This was illustrated in Fig. 2, where
ime between discharge and subsequent admission was further
xplored. The ﬁgure showed that rules 1–12 effectively removed
he overlaps between admissions and that the rule of 4 h was  suf-
cient to close most gaps. For gaps within the same hospital the
umulated number of gaps still showed a steady increase between
 and 48 h and one could argue that the cut-off should be extended.
owever, the longer the gap the more likely it becomes that a
atient was in fact discharged and readmitted rather than a regis-
ration gap within the same course of admission. In our algorithm,
he 4 h were set as a parameter, which means that this can be
djusted according to the needs of a particular purpose. Fig. 2 also
howed that the number of admissions after applying rules 1–12
tarted at a higher level both for gaps within the same hospital and
or gaps between hospitals. One reason for this is that all the regis-tory care (right axis) in Denmark by month of admission/start of ambulatory care.
trations that used to contain overlap have been set to have no time
between discharge and subsequent admission. Another reason may
be the use of rule 12, where more admissions were created than the
original number of overlapping admissions within each other.
When applying rule 10 of the DNPR algorithm it became appar-
ent that in some cases the same patient was  recorded in different
departments, sometimes even in different hospitals, but with the
same admission date and time and the same discharge date and
time. We  discarded both admissions, because it was not possi-
ble to determine in which department the patient actually was.
Fortunately, this situation only happened in very few cases (428
duplicates). It did occur more often in 2013, which was  also
reﬂected in a marked increase in the use of the rules applied to
the diagnosis and procedure codes related to these admissions,
suggesting that data entry practices may  not be consistent over
time.
Also in the evaluation of other rules we observed differences
over time, with rules 7, 11, 19, 21, 24 and 27 being increasingly
used over the 5-year period. This may  have to do with the general
increase in inpatient and outpatient contacts in the DNPR. For some
rules, e.g. rule 7 for outpatient contacts, the increase was  too large
to be only explained as such and may  suggest a change in coding
practice at the hospitals.
4.2. Trends in the use of the secondary and tertiary healthcare
system
We estimated an average number of 1.36 million admissions and
1.15 million courses of admission to private and public hospitals
per year in Denmark. With a Danish population of 5.6 million in
the ﬁrst quarter of 2012 [28], we estimate an admission rate (based
on course of admission) of 205 per 1000 population.To compare, Statistics Denmark estimated from the DNPR a total
of 1,2 million admissions in 2012 (9), and only a very small increase
in 2013 [30]. The admission rate was estimated at 214 per 1000 pop-
ulation. The estimates from Statistics Denmark were based on the
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umber of times a patient was admitted to a department and only
ncluded public hospitals [31]. This will likely give an overestimate
or public hospitals, since patients should not be counted more than
nce within the course of an admission. The course of admission,
s constructed with the algorithm, would therefore better reﬂect
he real number of hospital admissions.
In addition, the algorithm affected the number of bed days and
mbulatory care days leading to longer length of stay and shorter
mbulatory care. Removal of overlap reduced the length, while
losure of gaps added to it. In addition, inpatient and outpatient
ontacts, which had a discharge date but no time of discharge, often
ere recorded with a duration of ≤0 h. The algorithm created a pos-
tive duration for these situations. Although the algorithm makes
ssumptions and might not always recreate the exact reality, it
ould probably come closer to the real situation. The length of stay
nd length of ambulatory care is therefore likely be underestimated
f one used the DNPR directly.
The number of courses of admission was stable between 2010
nd 2014. Duration of admission tended to decrease over the entire
eriod. This was also reported by Statistics Denmark [29] and is in
ine with the trend to send patients home sooner. However, consid-
ring that 4.0% of courses of admission may  represent a readmission
ithin 48 h, one could wonder if patients are being sent home too
arly. It would be interesting to investigate whether these persons
epresent a speciﬁc group of patients. It has been described that
arly readmissions (within 6 days of discharge) are more likely to
e avoidable [32–35]. It is also worth noting that over the whole
eriod there is a large number of admissions under 24 h. This will
n part reﬂect the reality, but is also driven by cost calculations, as
n admission will give a higher reimbursement than an ambulatory
are contact. In the DNPR a patient can be registered as an inpatient,
hen the patient occupied a hospital bed. This is in contrast with
any other countries, where an admission means that the patient
tayed overnight.
Despite this ﬁnancial incentive to register patients as inpatients,
he number of courses of ambulatory care increased as well as
he number of ambulatory care days. This suggests a shift towards
mbulatory care, as can be expected from the development of dis-
harging patients earlier. The marked increase in 2014, however,
as a different reason, namely the merge of A&E patients with out-
atients and the introduction of acute outpatient contacts from the
n-call service in the Capital Region of Denmark. The fact that the
edian length of ambulatory care dramatically dropped in 2014
lso points towards this. For this study, information on the A&E
atient category was not available for 2010–2013, nor was  a vari-
ble that can distinguish between acute and elective outpatients
rom 2014 onwards. For future work, these two aspects will need
o be included. However, acute patients from primary healthcare
n the Capital Region of Denmark can (at the present) not be distin-
uished from other acute outpatients in the DNPR.
The number of transfers between departments increased over
ime, while the number of transfers between hospitals decreased.
his may  reﬂect a shift in the Danish healthcare system, where
ospitals become larger and comprise more medical specialties,
imiting the need to transfer a patient to another hospital for further
reatment. Overall, the ﬁgures are compatible with a cost-conscious
econdary healthcare system undertaking at an increasing rate spe-
ialized treatment at various units within the hospital of admission
nd, on the other hand, if possible, reducing referral to advanced
ervices at other hospitals.
Private hospitals deliver only a small proportion of healthcare
n Denmark. This study showed that the contribution of private
linics to hospital admissions even decreased in the past years and
hat the length of ambulatory care was considerably shorter than
or public hospitals. This is in line with the type of treatment, which
rivate hospitals typically perform, i.e. well-deﬁned medical condi-edical Informatics 95 (2016) 49–59
tions with a well-deﬁned treatment, while public hospitals provide
treatment for chronically ill patients in need of treatment in the
secondary sector.
The yearly July and December dips that were observed in num-
bers of courses of ambulatory care, admissions and courses of
admission can be explained by a reduced activity in elective care
over the summer holiday period and during Christmas holidays. The
dips in December and the subsequent increases in January may  also
be because budgets are running out towards the end of the year and
elective care is postponed to the start of the next year, when the
new budgets are available.
4.3. Recommendations and future use of the DNPR algorithm
As expected from current policy in healthcare, our data show
that hospital stays are becoming shorter and the number of outpa-
tient contacts is increasing. In our current DNPR algorithm, courses
of admission and ambulatory care were handled independently,
but with these shifts towards ambulatory care certain risks, such
as hospital-acquired infections, will also shift more and more to
the outpatient setting, making it more important to develop a way
to relate courses of ambulatory care to courses of admission. It is
important to further understand the coding practices of inpatient
and outpatient contacts and ideally to standardize them at the reg-
istration level. Awareness of the critical changes made to the DNPR
in 2014, concerning A&E patients in the whole country and primary
sector patients in the Capital Region of Denmark, is also crucial.
These changes, as well as variations we  observed over time in the
application of the rules from the algorithm highlight the need for
caution when using data from DNPR in co-morbidity adjustments
[7–9].
The DNPR algorithm is being used to relate occurrence of infec-
tions to courses of admission and ambulatory care in order to
identify hospital-acquired infections. This application forms the
basis for the automated surveillance of hospital-acquired infections
in Denmark. For the present study, data were limited to 2010–2014
and for somatic patients. However, the algorithm can be run on
the entire DNPR. As such, the outcome of the DNPR algorithm can
also be used as the backbone for other surveillance systems and
for relating other illnesses to courses of admission and deﬁning
length of stay. It may  also be used for various other purposes includ-
ing healthcare planning, research, burden-of-illness and economic
analyses. A new version of the data model of DNPR is being devel-
oped and expected in a couple of years. This new version is expected
to have the useful addition that hospitals will indicate relations
between hospital contacts over the course of disease.
In conclusion, we were able to develop an algorithm that creates
coherent courses of admission and ambulatory care and showed
why it is necessary to use such an algorithm when assessing the
number of admissions and length of stay. The development high-
lighted important insights in the underlying data and data quality.
A number of these issues can potentially inﬂuence research and
surveillance applications. We  urge those responsible for the qual-
ity of the DNPR and all those using data to be aware of irregularities
in the data and to handle them in order to avoid biased results.
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Summary points
What was already known before the study
• Data in the Danish National Patient Registry (DNPR) are
based on registration of each contact with the healthcare sys-
tem and do not directly allow analysis of course of admission
and course of ambulatory care.
• Estimates for number of hospitalizations were available for
Denmark, but based on a methodology that likely overesti-
mated the numbers.
• Many  population-based studies use the DNPR to assess num-
bers of (re)admissions and length of stay; some use the
contacts as admissions and some use their own algorithm
to correct for transfers within the same course of admission.
What this study has added to the body of knowledge
• A reconstruction algorithm needs to be used to create coher-
ent courses of admission and ambulatory care.
• The effect of systematic changes in the data model and reg-
istration of outpatients in the Capital Region of Denmark in
2014 affect the patient populations recorded.
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